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Prostate cancer: 2. Natural history

Robert K. Nam, MD; Michael A.S. Jewett, MD; 
Murray D. Krahn, MD, MSc

The case
A 65-year-old man consults his family physician because he is experienc-
ing a frequent and urgent need to urinate. A digital rectal examination re-
veals a minimally enlarged prostate with no focal nodularity. The level of
prostate-specific antigen (PSA) in the patient’s serum is higher than the nor-
mal range for his age group. Transrectal ultrasound-guided biopsy shows
adenocarcinoma of the prostate, with a Gleason score of 6 out of 10 (inter-
mediate grade tumour). Further history-taking reveals that the patient had a
myocardial infarction within the past year and that he has mild chronic ob-
structive pulmonary disease caused by 50 years of smoking. The man is
married and sexually active. There is no family history of prostate cancer.
The patient is referred to a urologist, who discusses the natural history of
prostate cancer and the treatment options (surgery, radiotherapy and
watchful waiting), after clinical and radiographic assessment reveals that
the lesion is localized to the prostate gland. Unsatisfied, the patient returns
to his family physician to request another opinion and more information
about his prognosis if he elects not to undergo surgery or radiotherapy.

To address the concerns of the patient described in this case the family
physician must consider 3 interrelated questions:

• What is the natural history of adenocarcinoma of the prostate?
• How important is the patient’s age, the previous myocardial infarction

and the mild chronic obstructive pulmonary disease?
• Is watchful waiting a reasonable strategy for this man? What about delay-

ing surgery or radiotherapy until there is evidence of disease progression?

Natural history of adenocarcinoma of the prostate

What we know about the natural history of prostate cancer comes from
case series and cohort studies in which patients with localized prostate cancer
received neither surgery nor radiotherapy. This treatment strategy has been
termed “watchful waiting,” “expectant management” and “conservative man-
agement.” Since 1980, 16 centres have reported case series of conservatively
managed, clinically localized prostate cancer;1–16 only 3 of these have reported
prospectively gathered data.1,6,12 Most of the studies have reported the progno-
sis of patients diagnosed with prostate cancer in the 1970s and 1980s. In addi-
tion, 2 population-based, retrospective cohort studies have been published.2,17

Methods for assessing prognosis

The quality of the methods used in the studies cited varies widely. The re-
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sults of poorly conducted studies, which may report
falsely favourable or unfavourable prognoses, must
therefore be viewed with caution. Table 1 outlines the
key methodologic features of good prognostic studies
and highlights those factors of particular importance for
studies of prostate cancer.18

For any study of prognosis, it is important to identify
patients at an early and uniform point in the course of
their disease.18 Because most “watchful waiting” studies of
prostate cancer use data gathered retrospectively, it is dif-
ficult to ensure homogeneous inception cohorts. Some
studies clearly fail this test. For example, one recent high-
profile study3 that reported surprisingly poor prognosis
for initially untreated prostate cancer identified patients at
a late stage in their disease (time of death), which ensured
that slow-growing cancers would be substantially under-
represented.19,20 Other studies included only incidental tu-
mours found after simple prostatectomy,9–11,15 and some in-
cluded a significant proportion of patients with locally
invasive and metastatic disease.4,9,11,15 Finally, in several of
the studies1,3,6,14 cytology, rather than needle core biopsy,
was used to diagnose and grade prostate cancer; this
method may be associated with overdiagnosis.

Complete follow-up is important because members of
an inception cohort who cannot be accounted for may
bias the results.18 In addition, because prostate cancer
progresses slowly and outcome events are infrequent,
reasonable sample sizes and follow-up periods of 10 to
15 years are necessary to estimate mortality rates accu-
rately. Many of the published studies were small or had
insufficiently long follow-up periods.4,8,12,15

Defining outcome measures has been a particular
problem in studies of prostate cancer. All-cause mortality
rates in prostate cancer cohorts are of limited value be-
cause the death rates from prostate cancer and from other
causes in this largely elderly patient group are of compa-
rable magnitude.21 Thus, differences in the distribution of
coexisting disease in patient cohorts may dramatically af-
fect overall mortality rates and render comparisons be-
tween cohorts meaningless. Death resulting directly from
prostate cancer (cause-specific mortality) is probably a
more objective end-point but is still not without prob-

lems. It is not always possible to ascertain the cause of
death in patients who had advanced prostate cancer. Pub-
lished studies often have no explicit criteria for determin-
ing that death resulted from prostate cancer;22 for those
that do, the criteria differ from one study to another.2,3

When assessing outcome measures, it is important
to control for prognostic factors that may have a signif-
icant influence on outcome.18 For clinically localized
prostate cancer, histologic grade is one such factor: the
prognosis of poorly differentiated disease is signifi-
cantly different from that for well-differentiated dis-
ease.2 Differences in racial composition,23,24 genetic dif-
ferences controlling androgen metabolism25 and
susceptibility to metastasis,26 smoking rates27 and even
physical activity28 may also be important in the pro-
gression of prostate cancer. Although most studies re-
port prognosis by tumour grade, no studies control for
all of these more recently identified factors.

Finally, even the results of methodologically adequate
studies may not be easily generalizable to patients in
whom prostate cancer is diagnosed today. Most reported
data, including that from the 3 prospective studies,1,6,12

come from patients identified before 1987, when the era
of testing for prostate-specific antigen (PSA) began.29

Earlier cohorts may have presented with later-stage and
higher-volume disease than grade-matched post-PSA
cohorts. Thus, the prognosis of contemporary patients
may be somewhat more favourable.

Results of the prognostic studies

Three studies2,17,30 meet the minimum methodologic
standards (Table 2). In these studies the single most im-
portant prognostic factor is histologic grade. In prostate
cancer, grade is most commonly determined using the
Gleason scoring system,31 which is based on tumour dif-
ferentiation and heterogeneity. The Gleason score is the
sum of 2 scores of 1 to 5, each for a different area of the
tumour. Patients with low-grade (grade 1, Gleason score
2–4) and intermediate-grade (grade 2, Gleason score
5–7) tumours appear to have the best prognosis, whereas
the prognosis for patients with high-grade tumours
(grade 3, Gleason score 8–10) is substantially worse.

Table 2 also shows 10-year cause-specific survival
rates, stratified by tumour grade, from the 3 studies. Our
best estimate for patients with untreated, clinically local-
ized prostate cancer is that 9% to 66% will die from
prostate cancer within 10 years, depending on histologic
grade, the risk increasing with increasing tumour grade.
Patients with low- and intermediate-grade tumours have
a better prognosis (9% to 13% and 13% to 24% risk of
death respectively), whereas patients with high-grade tu-
mours have an unfavourable prognosis (44% to 66% risk
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Blind outcome assessment

Adjustment for extraneous prognostic factors*

*Of particular importance in studies of prostate cancer.

Assembly of inception cohort*

Description of referral pattern

Achievement of complete follow-up*

Use of objective outcome criteria*

Table 1: Key methodologic features of
prognostic studies18
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of death). Thus, on the basis of tumour grade alone, the
65-year-old patient described in the case at the beginning
of this article has a 13% to 24% probability of dying
from prostate cancer within 10
years. However, his true chance
of dying from prostate cancer is
a little lower, because there is a
possibility that he will die from
another cause within the next
10 years.

Another potentially impor-
tant prognostic factor is tu-
mour stage32 (Table 3). Al-
though this is a significant
factor in influencing prostate-
cancer-specific mortality when all stages of prostate can-
cer are considered (i.e., localized versus metastatic),33 dif-
ferences in stage within clinically localized tumours have
not been shown to have independent prognostic value.2,30

Clinically localized prostate cancer is defined as a tumour
confined within the prostate with no evidence of regional
or distant metastasis, as assessed by clinical, biochemical
and radiographic tests. It is subdivided into tumours that

are either nonpalpable by digital rectal examination
(stage T1) or palpable but not extending outside the
prostate (stage T2). After adjustment for histologic

grade, no difference in prostate-
cancer-specific survival has been
observed for patients with stage
T1 and T2 prostate cancer.2,30

A final issue to consider is the
quality of life of patients living
with prostate cancer. For patients
treated conservatively, distant
metastasis precedes death by a
median period of 3 years.22 The
reduction in quality of life associ-
ated with advanced disease is

substantial and may be as important as the prospect of
death in evaluating prognosis.34

Effect of age and comorbidity on prognosis

Age may affect prognosis in 2 ways: as a tumour factor
and as a host factor. Tumour biology may be different in
younger patients.35 An inherited predisposition to prostate

Prostate cancer: natural history
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Teaching point

• In thinking about the natural history of
prostate cancer, the time horizon
should be 10 to 15 years, since follow-
up periods of that duration are needed
to estimate mortality rates accurately.

Chodak et al 30

(n = 828)
Meta-analysis of 6 studies (2 prospective)
Specific inclusion and exclusion

criteria/Large sample size
Mean follow-up 7 yr
Reports prostate-cancer-specific mortality

rate
Stratifies prognosis by age, stage and grade

*1 = well differentiated, Gleason score 2–4; 2 = moderately differentiated, Gleason score 5–7; 3 = poorly differentiated, Gleason score 8–10.
†Data derived from the Surveillance, Epidemiology, and End Results (SEER) Program, which collects information on all cancer cases from 5 US states (Connecticut, Hawaii, New Mexico, Iowa
and Utah) and 4 US metropolitan cities (San Francisco–Oakland, Detroit, Atlanta and Seattle).

87

76

77

344 studies retrospective
No detailed medical review

Lu-Yao and Yao17

(n =18 238)†
Population-based with specific inclusion

and exclusion criteria
Large sample size
Reports prostate-cancer-specific mortality

rate
Stratifies prognosis by stage, grade and

comorbidity

Retrospective
Definition of death from prostate cancer

controversial
Includes only patients aged 65 to 75 yr

Retrospective
Uses data from an administrative database,

which may have inaccuracies in grade,
stage and treatment

Mean follow-up 4 years

Albertsen et al2

(n = 451)
Population-based with specific inclusion

and exclusion criteria and detailed
medical chart review

Large sample size
Mean follow-up 15.5 yr
Reports prostate-cancer-specific mortality

rate
Stratifies prognosis by grade and

comorbidity

54

45

87

2

91

93

Tumour grade*;
10-yr prostate-
cancer-specific
survival rate, %

Study

Table 2: Characteristics of the 3 studies that meet the minimum methodologic standards for assessing the prognosis of clinically localized
prostate cancer

Strengths Limitations 31
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cancer may underlie both presentation at an early age and
more aggressive tumour behaviour.36 Age also affects the
probability of dying from other diseases, which has a
bearing on the question of whether a patient will live long
enough to experience disease and death caused by
prostate cancer.

To help illustrate this concept, we have used a model
of life expectancy called the DEALE method (declining
exponential approximation of life expectancy), in which
patient-specific life expectancy is determined from the
risks of competing causes of death, including the risk of
death from a specific disease (e.g., prostate cancer), the
mortality risk from one or more coexisting diseases, and
age-, sex- and race-related mortality, which includes
mortality risk from all other causes (Fig. 1).37,38 It is im-
portant to recognize that this method involves assump-

tions, provides only approximate estimates of life ex-
pectancy and is used here only to illustrate the potential
importance of age and comorbidity in the prognosis of
prostate cancer.

Life expectancy for a man without cancer falls from ap-
proximately 22.3 years at age 55 to 9.1 years at age 75.41

The difference in life expectancy for men with and without
cancer provides an estimate of the average number of life
years lost because of cancer in men who elect to be treated
conservatively. Young men are clearly at highest risk of los-
ing life years to cancer. For 55-year-old men, the loss of
life expectancy because of cancer ranges from approxi-
mately 2 years for grade 1 disease to over 11 years for
grade 3 disease. However, for men at age 75 the number of
life years lost is much smaller, ranging from less than 1
year for grade 1 disease to 2 years for grade 3 disease.
Clearly, young men with prostate cancer may lose many
more potential life years to cancer than older men with
disease of comparable grade and have a correspondingly
higher risk of dying from, as opposed to with, their cancer.

The other host factor that affects the life expectancy of
the patient described in the case is coexisting conditions,
in this case, myocardial infarction and mild chronic ob-
structive pulmonary disease. The best empirical data we
have about the effects of comorbidity on life expectancy in
patients with prostate cancer is from Albertsen and col-
leagues.2 In that study a validated comorbidity index was
used to determine the prognostic importance of comor-
bidity in patients with prostate cancer. Comorbidity was a
powerful predictor of overall survival — as powerful as tu-
mour grade. This study illustrated 2 important points.
First, comorbidity may pose an even higher risk of death
than the cancer itself. Second, life expectancy loss because
of cancer is lower in men who have coexisting illnesses.
Patients with a high burden of comorbidity are less likely
to die from prostate cancer and, therefore, lose fewer
years of life to prostate cancer, if they die early from an-
other illness.

Fig. 1 illustrates the same point graphically by means
of the DEALE method.37,38,41 The number of life years lost
because of cancer in a patient with coexisting conditions
(in this case cardiac and respiratory conditions) is smaller
than the number of life years lost because of cancer in a
patient without such coexisting conditions. For our
model, the specific mortality rates due to cardiac and res-
piratory disease are based on 10-year survival data for pa-
tients who had a myocardial infarction that was treated by
thrombolysis and patients who had mild chronic obstruc-
tive pulmonary disease.39,40 Our 65-year-old patient with
grade 2 prostate cancer and cardiac and respiratory co-
morbidity would lose approximately 1.1 years of life ex-
pectancy because of the prostate cancer (Fig. 1, grade 2
tumour, line C minus line D), as opposed to about 3.7
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T1b Tumour an incidental histologic finding in more than 5%
of tissue resected (by TURP)

T3

T1c Tumour identified by needle biopsy (performed because of
elevated PSA, for example)

T2 Tumour confined within the prostate
T2a Tumour involves 1 lobe
T2b

Stage Criteria

Tumour involves 2 lobes

Tumour extends through the prostatic capsule
T3a

T Refers to primary tumour; assessed by physical
examination, imaging, endoscopy, biopsy and
biochemical tests

Extracapsular extension (unilateral or bilateral)
T3b Tumour invades seminal vesicle

T1 Clinically inapparent tumour not palpable or visible by
imaging

T4 Tumour is fixed or invades adjacent structures other than
seminal vesicles:  bladder neck, external sphincter,
rectum, levator muscles or pelvic wall

N

T1a Tumour an incidental histologic finding in 5% or less of
tissue resected (by TURP)

Refers to regional lymph nodes; assessed by physical
examination and imaging

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

M Refers to distant metastasis; assessed by physical
examination, imaging, skeletal studies and biochemical tests

M0 No distant metastasis

M1 Distant metastasis
M1a Nonregional lymph nodes
M1b Bone(s)

Table 3: Current methods of assessing stage of prostate cancer*

M1c Other site(s)

Note: TURP = transurethral resection of the prostate, PSA = prostate-specific antigen.
*Adapted from TNM Classification of Malignant Tumours, 5th ed. L.H. Sobin and C. Wittekind,
editors. Copyright © 1997 Wiley-Liss Inc. Reprinted by permission of Wiley-Liss, Inc., a divi-
sion of John Wiley & Sons, Inc.
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years of life expectancy (line A minus line B) if he was as
healthy as an average man of his age.

As a final caveat, when data such as these are applied to
individual patients, it is important to keep in mind the fact
that computing the number of
life years lost because of disease
does not translate into gains as-
sociated with treatment. It
would be incorrect to infer, for
example, that radical prostatec-
tomy would result in an 11-year
gain in life expectancy for a 55-
year-old man with grade 3 dis-
ease. We still must rely on high-
quality empirical evidence from
controlled studies (e.g., random-
ized trials) to obtain reliable esti-
mates of treatment benefit. Be-
cause there are no controlled
data that reliably estimate the
magnitude of treatment benefit associated with surgical
and radiotherapy, life expectancy gains resulting from
treatment are unknown. The number of life years lost be-
cause of cancer is best thought of as a potential upper
bound on treatment benefit and probably a substantial
overestimate of that benefit for any given patient, since
disease recurrence and death occur in a substantial num-
ber of patients treated with surgery42 and radiation.43

Watchful waiting versus definitive treatment

What about delaying surgery or radiotherapy until there

is evidence of disease progression? As discussed above, our
ability to predict which tumours will progress is related to
grade and, to a lesser extent, stage for clinically localized
prostate cancer. However, we do not yet have reliable clini-

cal or laboratory tools to predict
when the disease will progress for
a specific patient. There are no
data from randomized controlled
trials that allow us to evaluate the
strategy of delayed curative ther-
apy. At present, observation
strategies to monitor disease pro-
gression, such as PSA doubling
times, are being investigated.44

However, the role of this strategy
remains uncertain, and it should
not be considered equivalent to
immediate curative therapy.

Even immediate curative
therapy for clinically localized

prostate cancer, as opposed to watchful waiting, remains
controversial. The lack of high-quality evidence from
prospective randomized trials comparing radical prostate-
ctomy and radiotherapy with conservative management
makes the task of recommending treatment particularly
difficult. We must decide who should be treated with
watchful waiting on the basis of relatively low-quality,
complex data. Our 65-year-old patient presents a difficult
treatment choice. We have seen that we must consider 3
factors: tumour grade, age and comorbidity. If our patient
was a 75-year-old man with substantial comorbidity and
low-grade disease, the decision would be more straight-

Prostate cancer: natural history
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Fig. 1: Patient-specific life expectancy (PSLE) as a function of age and histologic grade of prostate cancer with and without co-
existing cardiac and respiratory conditions, based on data from Albertsen and colleagues2 and the DEALE method (declining ex-
ponential approximation of life expectancy).37,38 PSLE = 1/(Σµ), where µ is the specific mortality rate for prostate cancer, the
mortality rate(s) for coexisting conditions(s), and the age-, sex- and race-adjusted mortality rate (ASR). Mortality rates for coex-
isting cardiac and respiratory conditions are based on 10-year survival rates for patients with myocardial infarction39 and mild
chronic obstructive pulmonary disease,40 where µ for a patient with myocardial infarction is 0.02039 and for a patient with mild
chronic obstructive pulmonary disease is 0.04271. The µASR values were obtained from Canadian Life Tables.41
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Teaching points

• The most important tumour-specific
variable for predicting prognosis is his-
tologic grade.

• The most important patient-specific
factors in predicting prognosis are age
and coexisting conditions.

• The choice of therapy should take into
account patient preferences for treat-
ment-related outcomes, in addition to
survival data.
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forward, and we would probably advise watchful waiting.
If he was 55 and otherwise healthy, with high-grade dis-
ease, watchful waiting would likely not represent a good
choice.

For this particular patient, the decision about which
treatment to recommend will depend on what we con-
sider a significant amount of life expectancy lost because
of prostate cancer. In other words, is the potential gain
in life expectancy of up to 1.1 years if this patient is
treated clinically important, if we know that the actual
gain will probably be less than that? Naimark and
coworkers45 have suggested that a life expectancy gain of
2 months is significant, given that it corresponds to risk
reductions observed in clinical trials widely judged to
have clinically significant outcomes. In general, a gain of
6 months has been considered significant by most ana-
lysts, a conclusion based on the gains for established
treatment interventions such as smoking cessation (10.8
months) and cholecystectomy in asymptomatic diabetic
patients (6.1 months).46 Thus, a loss of 1.1 years from
prostate cancer in a patient with substantial comorbidity
can be considered clinically significant. However, it re-
mains to be determined whether treatment will translate
into a gain of 1.1 years.

Beyond age, grade and comorbidity, there is a fourth im-
portant factor: patient preference. Although this issue is not
well understood, it is likely that individual patients value
outcomes (e.g., sexual and urinary dysfunction) and risks of
therapy differently. The morbidity associated with surgical
and radiation therapy, including incontinence and impo-
tence, is not trivial and is beginning to be better under-
stood.47 Some patients are extremely averse to risk and wish
to avoid therapeutic complications at all costs. In highly
risk-averse patients or those in whom preservation of sexual
and urinary function is extremely important, watchful wait-
ing could be considered as a therapeutic option.

Decision-making for patients with localized prostate
cancer is clearly not easy. From the available evidence, no
concrete recommendation can be made, particularly for
the patient described at the outset of this article. We know
that we must consider age, histologic grade, comorbidity
and personal preference. We have shown that the number
of life years lost from prostate cancer in the setting of
moderate comorbidity (cardiac and respiratory condi-
tions) can be argued as clinically significant. However, the
fact that we cannot guarantee an approximate gain of 1.1
years with treatment makes watchful waiting a reasonable
alternative, and we will have to rely heavily on the pa-
tient’s preference. Presenting the information in an objec-
tive, unbiased way, discussing his preferences about treat-
ments and outcomes, and obtaining informed consent to
the best of our ability is the most we can hope to achieve,
given the present state of the evidence.
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